Objective The aim of this study was to test the hypothesis that blood pressure (BP) reactivity to the stress of a clinic visit, the so-called white-coat effect, is associated with increased BP reactivity to physical activity.
Introduction
Blood pressure measured in the physician's office is frequently higher than ambulatory blood pressure levels. The difference between the two is known as the 'whitecoat effect', and is thought to be due to blood pressure reactivity to the stress of a clinic visitFthe 'alerting response' [1] . Invasive studies have shown this effect to be maximal in the first 4 min of a clinic visit, and to persist for at least 10 min [2] . For non-invasive studies, the difference between clinic blood pressure and mean daytime ambulatory blood pressure has usually been taken as a measure of the white-coat effect [3] . The magnitude of the white-coat effect varies between individuals, and follows a normal distribution [4, 5] . The white-coat effect tends to be higher in women and in older patients, and decreases with increasing severity of hypertension [3, 4] .
The white-coat effect is significantly positively correlated with blood pressure variability [4, 5] . This may be clinically important, as increased blood pressure variability is associated with target-organ damage [6] . Adverse effects on the left ventricle have also been reported in patients with enhanced blood pressure reactivity to physical and mental stress [7, 8] . What is less clear, however, is whether patients with a white-coat effect also have increased blood pressure reactivity. Studies examining this question have had conflicting results. It has been suggested that there is no relationship between the white-coat effect and blood pressure reactivity to standardized physical and mental tasks, and that the white-coat effect is idiosyncratic to the clinic setting [9] [10] [11] . However, other more recent studies suggest a correlation between the white-coat effect and blood pressure response to mental stress, standing and treadmill exercise [8, [12] [13] [14] .
Most studies examining the blood pressure response to mental and physical stress have been performed in the laboratory under standardized conditions. In this study, the relationship between the white-coat effect and blood pressure reactivity to physical activity was examined under ambulatory conditions. The objective was to test the hypothesis that patients with an exaggerated blood pressure response to the stress of a clinic visit would also have an exaggerated blood pressure response to physical activity.
Methods
Four hundred and twenty-one patients referred to our clinic (Cork, Ireland) for evaluation of hypertension prospectively underwent simultaneous ambulatory blood pressure and physical activity monitoring. Patients underwent 24-h ambulatory blood pressure monitoring with the Quiet-Trak automated recorder (Tycos-Welch-Allyn Inc., Arden, North Carolina, USA), according to British Hypertension Society guidelines [15] . The Quiet-Trak has satisfied the accuracy standards proposed by the Association for the Advancement of Medical Instrumentation (AAMI) and British Hypertension Society (BHS) guidelines for the assessment of ambulatory blood pressure monitors [15] [16] [17] [18] . Blood pressure and heart rate were measured every 20 min over a period of 24 h. Each patient was fitted with an electronic actigraph (Gaehwiler Electronics, Hombrechtikon, Switzerland). Actigraphy has been shown to be a reliable and reproducible method of monitoring physical activity levels [19] . The actigraph contained a monaxial piezoelectric accelerometer with a threshold of 0.1 G, and was designed to integrate motor activity over a defined time period and convert it to an activity score on an arbitrary scale ranging from 0 to 253 units. The device was programmed to record an activity score every 10 s. The activity monitor, slightly larger than a wristwatch, was mounted on the dominant wrist, as previous work has shown that motor activity at this site correlates best with physical activity level [20] . In addition, all patients were given a standardized activity diary to complete during monitoring in which they noted time of going to bed at night, and time of waking in the morning. Data stored in the Quiet-Trak recorder and in the Gaehwiler actigraph were downloaded into dedicated software packages in an IBM-compatible PC.
The average of three manual clinic blood pressure readings taken at set-up of the ambulatory monitor, and a further three clinic readings taken at download, was considered to be the clinic blood pressure for each patient. While not a conventional 'office' reading, this value allowed better definition of the clinic-home blood pressure difference than a single reading taken by a physician. Mean activity scores were calculated for the 10 min prior to each blood pressure measurement, as mean activity over this time period has previously been shown to correlate with blood pressure [20] . Mean activity data were log-transformed as the distributions were positively skewed. Systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate were regressed on the physical activity variables using a mixed model, taking into account both random and fixed variability, and allowing for both inter-and intra-individual variability. In order to test for a difference in the reactivity of blood pressure to physical activity according to the magnitude of the white-coat effect, an interaction term was added into the mixed model between the white-coat effect (as a binary variable) and physical activity. In order to include all patients in the regression analysis, patients were divided into those with a clinic-home blood pressure difference 4 0 mmHg, who were considered to have a white-coat effect, and those with a clinic-home blood pressure difference p 0 mmHg, who were considered to have no white-coat effect. Mean daytime ambulatory blood pressure was considered to constitute 'home' blood pressure. Fitting separate slopes into the mixed model regression assessed the reactivity of blood pressure to physical activity in these two groups. The physical activity slopes and intercepts were entered into the model as random variables. For the significance test (test for interaction), the clinic-home blood pressure difference was entered as a continuous variable. All the analyses were adjusted for age, gender, and concomitant use of antihypertensive medication. The Statistical Analysis System (SAS) software package, version 6.12 (SAS Institute Inc., Cary, North Carolina, USA), was used for all analyses.
Results
The patient group was heterogeneous in age, gender, mean 24-h blood pressure level, and use of antihypertensive medication (Table 1) . By the definitions chosen, 259 of 421 patients had a systolic white-coat effect and 264 patients had a diastolic white-coat effect; 198 had both. The average clinic-daytime blood pressure difference was significantly higher for females (6/3 7 12/7 mmHg) than for males (2/1 7 9/7 mmHg), (P o 0.001 for SBP and P o 0.01 for DBP); in addition, significantly more females had a clinic-home systolic blood pressure difference of more than 5 mmHg (P o 0.01). On average, patients with a white-coat effect were older than those without a whitecoat effect. Mean age was the same for males and females, however. There was no difference in mean 24-h ambulatory blood pressure for those with and without a white-coat effect.
Results of the principal regression of blood pressure and heart rate on physical activity were consistent with an association between physical activity and blood pressure levels [21] . Regression coefficients (7 SE) for SBP on physical activity levels in the 10 min preceding measurement were higher in those with a white-coat effect (3.64 7 0.51) compared to those without a white-coat effect (2.92 7 0.64). For DBP, the regression coefficients were 1.98 7 0.26 and 1.44 7 0.33, respectively (Fig. 1) . These differences were statistically significant (P ¼ 0.03 for SBP; P ¼ 0.02 for DBP) and are consistent with the hypothesis that those with a white-coat effect have a greater increase in blood pressure in response to physical activity than do those without a white-coat effect. When heart rate was considered, although the regression coefficient was higher in those with a white-coat effect, the difference did not reach statistical significance. The relationship between the white-coat effect and the blood pressure response to physical activity was not influenced by age, gender, or the use of antihypertensive medications.
Discussion
The principal finding of this study is that patients with a white-coat effect exhibit a significantly greater increase in blood pressure in response to physical activity than do patients without a white-coat effect. Patients with a whitecoat effect have a greater rise in both systolic and diastolic blood pressure for each log unit increase in mean physical activity in the 10 min preceding blood pressure measurement. These results do not support the contention that the white-coat effect is idiosyncratic to the clinic setting. Rather, they are in keeping with the reactivity hypothesis, which suggests that some patients are hyper-reactors to stimuli such as mental stress and physical activity [8, [12] [13] [14] 22] .
Patients who have clinic blood pressure levels persistently in the hypertensive range, but have normal average ambulatory blood pressure levels are said to have 'whitecoat hypertension'. There remains no consensus on normal values in ambulatory monitoring, and so the incidence of white-coat hypertension has varied between studies depending on the definitions chosen [23, 24] . Such patients represent a sub-group with blood pressures nearer the top of the normal range for whom the addition of the whitecoat effect results in clinic pressures in the hypertensive range. There is evidence that white-coat hypertension may represent a pre-hypertensive state, with many such patients subsequently going on to develop sustained hypertension [25, 26] . Also, there is an increasing body of evidence to suggest that patients with white-coat hypertension exhibit target-organ damage, a finding which confers a poorer prognosis [4, 24, 27] .
The white-coat effect itself may have clinical significance. Patients with an exaggerated white-coat effect may have increased blood pressure reactivity to physical exertion and mental stress. If correct, this may supply the link between white-coat hypertension and target organ damage. For these patients, multiple blood pressure elevations during the course of the day in response to stress and physical activity may result in an increased load on the left ventricle, with subsequent target-organ damage [8, 28] . There is indirect evidence to support this hypothesis. Firstly, enhanced blood pressure reactivity and increased blood pressure variability are both associated with targetorgan damage [6] [7] [8] . Secondly, the white-coat effect is significantly positively correlated with blood pressure variability [4, 5] . The finding of a significant relationship BP, blood pressure.
Fig. 1
Blood pressure (BP) response to an increase in mean physical activity in the 10 min preceding BP measurement of 1 log unit for subjects with and without a white-coat effect. For systolic BP (SBP), P ¼ 0.03; For diastolic BP (DBP), P ¼ 0.02; WCE, whitecoat effect.
between the white-coat effect and blood pressure reactivity to physical activity provides further support.
Previous studies examining the relationship between the white-coat effect and blood pressure reactivity have involved standardized laboratory tests rather than exposure to everyday stressors. Cardillo et al. [11] measured blood pressure reactivity from baseline to mental arithmetic, isometric handgrip, and cycle ergometry in patients with white-coat hypertension, sustained hypertension and normal controls and found no difference between the three groups. These authors concluded that it was not possible to distinguish white-coat hypertension by a pattern of hyper-reactivity to mental and physical laboratory tasks. Conversely, Lantelme et al. [13] found that the white-coat effect was significantly and positively correlated with blood pressure response to mental stress and to standing in 88 hypertensive patients. No such correlation was found for normotensive patients, however the control group was small and had comparatively little white-coat effect. In an earlier study, Floras et al. [9] examined blood pressure reactivity in 56 patients with essential hypertension and found that the increase in mean arterial pressure during mental and physical stress testing correlated significantly and positively with the variability of mean arterial pressure. Overall, however, the variance in blood pressure variability that could be accounted for by the pressor response to these standardized challenges was low.
Two large studies have attempted to define the relationship between the white-coat effect and outcome in hypertensive patients. Palatini et al. [4] measured 24-h ambulatory blood pressure and target organ damage (by electrocardiograph, chest X-ray, echocardiogram and ophthalmoscopy) in 1013 patients with borderline to severe hypertension. Patients with a large white-coat effect showed a greater degree of hypertensive complications than those with an intermediate or small white-coat effect.
In addition, patients with a large white-coat effect tended to have greater daytime variability of diastolic blood pressure. The authors conclude that patients with a high reactivity to the doctor's blood pressure measurement may also have increased blood pressure responsiveness to the stressors of daily life. Contrary to these findings, Verdecchia et al. [3] investigated the prognostic significance of the white-coat effect in 1522 hypertensive patients during up to 9 years of follow-up, and found no difference in cardiovascular morbidity or mortality between the quartiles of distribution of the white-coat effect. The prognostic significance of the white-coat effect thus remains in question. A weakness of this study was the cross-sectional design, which meant that we were unable to correlate blood pressure reactivity with outcome.
We have examined a large, unselected referral population that included a broad spectrum of patients from normo-tensives through to patients with severe hypertension. We have therefore avoided confounding through selection of those at or above the upper end of the normal blood pressure range, a problem that has been prevalent in many previous studies of white-coat hypertension and the whitecoat effect. Our study population was heterogeneous, with a broad age range (17 to 81 years). Approximately half of the patients were female, and 44% were on antihypertensive medication. We used an objective measure of physical activity levels, which allowed us to examine the relationship between the white-coat effect and blood pressure reactivity to activity in an ambulatory setting, rather than under standardized laboratory conditions. For the test of interaction in the principal regression analysis in this study, the white-coat effect (clinic-home blood pressure difference) was considered as a continuous variable. The two groups chosen for the purposes of illustrating the regressions had the same mean blood pressure levels, and so differed only in the presence or absence of a white-coat effect. Patients were exposed to everyday levels of physical activity as experienced in normal life situations. It must be conceded that the relationship demonstrated between the white-coat effect and physical activity is weak, suggesting that much of the variability of blood pressure during ambulatory monitoring remains to be explained.
Conclusion
In conclusion, we have shown for a large and heterogeneous patient population that the presence of a white-coat effect is significantly associated with increased blood pressure reactivity to physical activity. Patients with a white-coat effect may experience multiple blood pressure elevations during the course of normal daily activities, and so have greater blood pressure variability. It is possible that those patients with white-coat hypertension experience a greater blood pressure load during normal daily life as a consequence of increased blood pressure reactivity to physical activity. This, in turn, may contribute to targetorgan damage.
